, 1997). histochemistry using anti-Pax6 and RC2, a monoclonal
For all of the aspects described in the following, no antibody that specifically labels radial glia cells (Eddifferences between Sey/Sey and Pax6 Ϫ/Ϫ mutants wards et al., 1990). As depicted in Figure 1B , most Pax6-were observed (see Experimental Procedures), and we immunoreactive nuclei (labeled in green) seem closely refer to both of these mutants as Pax6-deficient mice apposed to RC2-immunoreactive fibers (labeled in red) (Pax6-def). and thus appear yellow when double stained. Precise First, we labeled radial glia cells with 1,1Ј-dioctadecylcellular colocalization in the sections, however, proved 3,3,3Ј,3Ј-tetramethylindocarbocyanine (DiI) from the pial difficult, since RC2 immunoreactivity is found in proside as described by Voigt (1989) The morphological defects of Pax6 mutant cortical radial cells (56%) fits closely to the proportion of Pax6-posiglia cells could be a consequence of morphogenetic tive cortical cells (49%). Indeed, almost all Pax6-positive changes, since the cortical plate in the Sey brain is cells were also RC2-(and nestin-) immunoreactive (92%, smaller and thinner than normal (Schmahl et al., 1993) . n ϭ 337), and only a few Pax6-negative cells were
We therefore analyzed RC2-labeled cells in dissociated stained with RC2 (17%, n ϭ 304). In contrast, however, cell cultures, where morphogenetic differences should there was a considerably higher proportion of Pax6-play no role. Indeed, we detected prominent morpholognegative cells that are nestin-positive (45%, n ϭ 168).
ical differences between RC2-positive cells from E13.5 These results demonstrate that Pax6 is localized in a wild-type and Pax6-deficient cortex in dissociated cell subpopulation of precursor cells that is mostly RC2-culture after 2 days in vitro. Whereas many RC2-positive (and nestin-) positive. The precursor cells that do not cells from wild-type cortex exhibited a bipolar morpholcontain Pax6 are mostly RC2-negative but nestin-posogy ( Figure 3A ; see also Culican et al., 1990; Hunter itive.
and Hatten, 1995), most RC2-positive cells from Pax6-The Pax6/RC2-positive subpopulation of the cortical deficient cortex had short processes and a multipolar precursors shows an intriguing developmental profile, morphology ( Figure 3C ; for quantitation, see Table 1 ). since we noted a decrease of the overall proportion Thus, the morphological alterations of Pax6-deficient of RC2-positive cells (E13.5, 56%; E15.5, 24%). This is cortical radial glia are independent of morphogenetic surprising in regard to the increased neuronal migration alterations in vivo. at later stages of neurogenesis. and 2.6 (n ϭ 244) for the Pax6-deficient cortex. Interestingly, the size of the clones that contain RC2-positive cells is larger, but is still the same for the wild-type (3.8, cells from wild-type cortex (Table 1) . These results n ϭ 170) and the Pax6-deficient cortex (3.8, n ϭ 113). strongly suggest that the morphological alterations of The mean clonal sizes of 2.5 and 3.8, respectively, sugradial glia cells in the mutant cortex are cell-autonogest that most cells undergo only 1-2 cell cycles during mous, since they cannot be rescued by coculturing with the 2 days in vitro (log 2 2.5 ϭ 1.3; log 2 3.8 ϭ 1.9). This wild-type tissue. number of cell divisions is most likely too small to detect In contrast, the number of RC2-positive cells was inalterations in cell cycle length that should build up fluenced in cocultures with 10ϫ wild-type cortical cells. through several cell cycles to achieve changes in the In single cultures of E13.5 wild-type cortical cells, the number of cells generated. It should be possible, howproportion of RC2-positive cells was 39% lower than in ever, to detect alterations in the number of symmetric Pax6-deficient cortical cultures (Table 2) . Pax6-deficient and asymmetric cell divisions. We therefore think that cortical cells cocultured with the 10ϫ wild-type cortex the mode of division is not altered in the Pax6 mutant reduced the proportion of RC2-immunoreactive cells by cortex, since the clonal size is not changed.
35% compared with cocultures with 10ϫ Pax6 mutant cortical cells (Table 2) might contribute to the instruction of the specific phenotype of radial glia at boundaries in the developing brain. Taken together, the role of Pax6 in the differentiation Pax6 and Cell Cycle of radial glia cells in certain regions of the developing A major feature of precursor cells is their cell cycle. We brain provides evidence that this ubiquitous cell type is have shown here that cortical radial glia cells exhibit a specified in a patterned manner in the developing brain. higher labeling index in the absence of Pax6 function i.e., more precursor cells are labeled by a BrdU pulse.
Experimental Procedures
The increased labeling index in the mutant cortex might be due to a prolongation in S phase or a shortening in 
DiI Labeling of Radial Glia Cells
The lipophilic dye DiI (Molecular probes) was applied on the pial The phenotypes of the different mutants were carefully compared with regard to the aspects of the present work, and no significant surface of fixed brains as described previously (Voigt, 1989). DiI solution was applied onto the pial surface, where small crystals differences could be detected. For example, the proportion of RC2-immunoreactive cells in acutely dissociated cells from E13.5 Sey/ precipitated. Nonadherent crystals were washed away and the brains stored for 15 days at room temperature to allow diffusion of Sey was 77% (n ϭ 422) and from Pax6 Ϫ/Ϫ was 73% (n ϭ 370). For most experiments, both mutants were used in parallel. the dye. Brains were then embedded in 2% agar in PBS and cut frontally at a thickness of 100 m with a vibratome. Sections were then mounted in gycerol-based mounting medium (Citifluor) and Acutely Dissociated Cells and Cultures analyzed using a Zeiss Axiophot or a Biorad confocal microscope. The lateral and medial ganglionic eminence and the cerebral cortex were isolated and prepared as described previously (Gö tz et al., 1996). Cells were plated at 1 ϫ 10 6 per ml (0.5 ml/well) in 24-well In Situ Hybridization plates onto poly-D-lysine-coated glass coverslips and cultured in Sectioning, in situ hybridization, washing, and emulsion autoradiogdefined SATO-medium (Gö tz et al., 1995) . For some experiments, raphy were performed as previously described (Stoykova and Gruss, BrdU was added to the culture medium to a final concentration of 10 1994). 
